Discretization of the diffusion equation
Intercellular signaling in our model is based on the discretized diffusion equation. The diffusion equation in two dimensions can be written as ∂ϕ (x, y, t) ∂t
where ϕ (x, y, t) is the density of the diffusing material at location (x, y) and X w is the diffusion coefficient. Using the forward finite difference approximation for time, ∂ϕ(x, y, t)/∂t is discretized as follows:
where ∆t is a time interval. Using the central difference approximation for space at time t, ∂ 2 ϕ(x, y, t)/∂x 2 is discretized as follows:
where ∆x is a spatial interval for the x axis. These discretizations are called the forward-time central-space (FTCS) method. Based on the FTCS method, the diffusion equation can be discretized as follows:
where ∆y is a spatial interval for the y axis. In a cellular automaton, location is represented by a grid position such as (i, j) ( Figure 1a) . We assumed that the density, ϕ (x, y, t) , in the grid square (i, j) is uniform and is represented by ϕ i,j (t). In our model, ∆x = ∆y = d. Therefore, equation (4) becomes
Representing the positions of the four nearest neighbors surrounding grid square (i, j) by (k 1 , l 1 ), equation (5) becomes
where (k 1 , l 1 ) runs over (i + 1, j), (i − 1, j), (i, j + 1), and (i, j − 1). This equation shows that an intercellular signal in (i, j) diffuses into the four neighbors during ∆t. We also considered intercellular signaling for the skew grid squares, (i + 1, j + 1), (i − 1, j + 1), (i + 1, j + 1), and (i − 1, j − 1) during ∆t (Figure 1b) . Based on the FTCS method, the diffusion equation could be discretized using skew location as follows:
Using grid square position and spatial interval, d, equation (7) becomes
where (k 2 , l 2 ) runs over (i + 1, j + 1), (i − 1, j + 1), (i + 1, j + 1), and (i − 1, j − 1). Adding equation (6) to (8), we get the following discretized diffusion equation. 
